abstract new materials, synthetic textile waste, abductive process, design process keywords This paper presents a reflection on the applicability of abductive process, as proposed by Dorst (2011) for solving complex problems that involve the creation of value, and which are common to scientific research in the area of design. This reflection is performed in the context of the problem of synthetic textile waste from composite fabric made of polyamide 66, generated by apparel industries. Considering the abductive process -2, the object being developed includes new material obtained from recycled waste above, as well as products that can be created from the new material. The principle refers to the process of development of new material and product. The value to be created unfolds in three main aspects: environmental, social and economic values. As a methodological approach, we used literary criticism about the problem and possible solutions, including the creation of new materials and a case study of a Brazilian garment company. Literary criticism also included scientific approaches in design research: deductive, inductive and abductive, specially the work of Dorst (2011). As a result, it is presented a diagram with a framework model of the problem based on the abductive thinking -2, which will be used later along the development of a doctoral thesis on the topic.
Introduction

The problem of textile waste in the garment sector
The production of synthetic fabrics has shown significant growth in recent years worldwide, spurred by increased consumption, with different environmental impacts, as CO2 emissions and the depletion of non-renewable natural resources. In the UK, for example, annually 1.12 million tons of clothes (30 kg / capita) are discarded, (Allwood et al, 2006 in WRAP, 2010 , representing about 8 % of the total weight of household waste (Oakdene Hollins Ltd et al, 2006 in WRAP, 2010 . Of this amount, 350,000 tonnes (31%) go to landfills, 47% are reused in other countries (34 %) or in the UK itself (12%), 14% is recycled and 7% is incinerated (WRAP, 2012) . The world's largest apparel producers are China (49 %), followed by India (7%), Pakistan (3.8%) and Brazil (2.9%), according to ABRAVEST (2010) . SEBRAE (2004) estimates the average waste generation by the 26.000 Brazilian industries to be about 1400 kg/year per company. The donation of waste is a common practice in the Brazilian garment industry, and there was in the last years an excess of waste offered in the market 
Current approaches to end of life of textile waste
The most common destinations for clothing discarded during production or postconsumption is the reuse, recycling, incineration and sending to landfill. Regarding the recycling of textile waste, Life Cycle Analysis (LCA) studies showed significant reductions in energy use (ERM, 2002 in WRAP 2012 and in emission of greenhouse gas (Korhonen & Dahlbo 2007 in WRAP 2012 & Dahlbo 2007 in WRAP 2012 Oakdene Hollins Ltd et al, 2006 in WRAP, 2012 . The benefits of recycling compared to incineration were also identified (ERM, 2006 in WRAP, 2012 .
In general, recycling can occur in two ways (BASTIAN, 2009, p.78) : in or out of the process. In this sense, the creation of new materials from recycled textile waste involves recycling out of the process as the materials to be developed are not necessarily incorporated back into the production of clothing. Instead, they can integrate other processes, such as products for construction industry, architecture, decoration, accessories, footwear, gardening and others.
In the case of synthetic textile materials, one difficulty for recycling is the variety of materials available, being polyester and polyamide the most significant. A study done by Nike (2013) pointed polyamide 66 as the worse environmental performance material among the 25 most commonly used materials for the company.
Nevertheless, there are already initiatives for recycling polyamide 66, as reported by Bodrero, Canivenc and Cansell (1999) , Booij, Hendrix and Frentzen (1997) , Frentzen, Thijert and Zwart (1997) , Kasserra (1998) , and Sarian, Handerman, Adbye and Jones (1998). Polyamide 66 (trade name nylon 66) is used in the manufacture of various compound fabrics such as Lycra, Cordura, Coolmax, Thermolite and Supplex that use different materials in its composition, which further complicates recycling. They are widely used by Brazilian manufacturers of clothing; however, there is not an adequate knowledge on how to properly dispose this waste material.
Supplex waste: Case study in a Brazilian garment company
A recent study by Brazilian researchers 1 in a company of Londrina, Paraná, indicated the waste of raw materials, lack of proper disposal and lack of appreciation of the waste as major problems concerning the use of Supplex 2 . The waste were usually donated to artisans, or collected by a collection company, which was responsible for the destination (MARTINS; SAMPAIO; PEREZ, 2013). This study had its emphasis on the role of design to solve these problems, and allowed the research team to understand that the challenge required expertise of other areas.
So, a partnership with the Department of Chemistry at UEL was established with the aim of developing new forms of synthetic textile waste recycling and possibly the creation of new materials for various applications. This partnership has been particularly successful, and initial results indicated that the Supplex is a challenging recycling material, and that 513 theme 4 technology strand 2 materials, techniques and processes
Figure 1.
Simplified scheme of the problem when seeking an observable discovery (adapted from Dorst, 2011, p. 523). this can be done in an environmentally appropriate manner. These results are in the process of intellectual protection, and should be disclosed so that this phase is completed.
The design and creation of new materials
The creation of new materials and products from synthetic textile waste includes many aspects. Some are objective and technical, productive, environmental and economic, and other subjective, related with human issues. The design is specifically a human activity that seeks to mediate all these aspects in order to develop the best possible answers in terms of economic viability, technical feasibility, social acceptability and environmental responsibility.
For this reason, we propose in this paper the design activity as guiding the development of new materials and products from synthetic textile waste, in an interdisciplinary action with other areas of knowledge such as chemistry and engineering materials. We based our study on the Dorst (2011) approach for design research problems.
Abductive reasoning and the preliminary conceptual framework
Dorst (idem) explains the problems in the natural sciences can usually be described by a simplified schematic such as the one on Figure 1: In this model, the discovery can be the result of the interaction between the object and the functional principle (deductive process) or, alternatively, seek to identify empirically the functional principle, having previously the knowledge of the object and the result (inductive process). It is from these two types of reasoning that hypotheses are constructed to be confirmed or refuted by the natural sciences (Figure 1) .
Research in the area of design, however, has characteristics that differentiate them from other areas of knowledge. Dorst (2011) explains that it is common for research in design to have diffuse problems, which hinders the use of deductive and inductive approaches. Furthermore, the design research is not a discovery, but the production of a certain value, which can be for a person, an organization, or even the planet (Figure 2) . Simplified scheme of the problem when seeking to create value (adapted from Dorst, 2011, p. 523) .
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In this sense, we realize that the issue of this research falls within the "abductive process 2", as both the object (new material and products) and the functional principle (development process) are unknown. Thus, we propose a model approach to the problem selected in this work as shown in Figure 3 . Whereas the previous model, the desired end result value includes environmental values (reduction of the environmental impact), user values (both emotional and functional ones) and economic values (e.g. differentiation, competitiveness, cost reduction and image gains). Following the model proposed by Dorst (2011) reasoning, the "how", or the principle of operation is reflected in the objective of designing and testing a methodology that enables the development of new materials with the reuse of synthetic textile waste -driven design. As for objects ("what"), these include both the development of a new material from the recycling of textile waste, as well as new products to be developed with this material.
Conclusions
This article focuses on the practical application of the abductive process proposed by Dorst (2011) to a problem of design research with complex characteristics, which is not known nor the "whys " or "hows " of the problem, but only the expected final values . This is a complex problem in which we seek a solution to the problem of synthetic textile waste through design, in an interdisciplinary way.
Regarding the built model, one of the biggest benefits of using it is the fact that it is supported by of a very simple formulation (what + as = value), from which the two variables are framed: the research object (new material and products), the principle of operation (methodology) and the expected values. The previous definition of these values also enabled visualization of several issues to be investigated.
In conclusion, it can be stated that the reasoning of the abductive type -2 proposed by Dorst (2011) is helpful in framing the proposed problem, characterized as a typical problem of design research. One can also conclude that the construction of a model based on reasoning led to a simple and clear structuring of the research, and will be useful along the development of the design doctoral thesis of the author.
